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Specification 

1. Title of the invention 

Ion-exchange membrane 

2. Claim of the invention 

1. A cation exchange membrane characterized by the fact that at least one micron of at 
least one side of the membrane of a homogeneous perfluorocarbon type cation exchange 
membrane produced by extrusion molding method is removed. 

2. A cation exchange membrane used for electrolysis of an alkali metal salt wherein the 
ion-exchange membrane described in Claim 1 of the invention has the exchange capacity of 0.5 
to 2.0 milliequivalents per gram of dry film (H type). 

3. A cation exchange membrane wherein the ion-exchange membrane described in Claim 
1 of the invention is one or both of sulfonic acid group or carboxylic acid group. 
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4. A cation exchange membrane wherein the sulfonic acid group or carboxylic acid group 
exists laminarly in the cation exchange membrane described in claim 3 of the invention. 

3. Detailed description of the invention 

The present invention pertains to a cation exchange membrane characterized by the fact 
that at least one micron of at least one side of the membrane of a homogeneous perfluorocarbon 
type cation exchange membrane produced by extrusion molding method is removed. 

Ion-exchange membranes are used for a variety of industrial purposes such as 
electroanalysis, diffusion analysis, diaphragm for reverse osmosis of electrolyte reaction and 
ultrafiltration. In particular, rapid technical development is observed in electrolysis of salt with 
an ion-exchange membrane used industrially in recent years. Initially, the target was production 
of a high concentration caustic soda at a high current efficiency with a perfluorocarbon type ion- 
exchange membrane, but currently, the current efficiency is at least 90%, and maintenance of the 
above-mentioned level for an extended time is made possible. Thus, the major challenge in these 
days is reduction in the electrolytic voltage. Analysis of the electrolytic voltage shows a high 
proportion of the voltage decrease based on theoretical decomposition voltage, cathodic over- 
voltage, and electrical resistance of the film. Among those listed above, nothing can be done 
about the theoretical decomposition voltage, but for the cathodic over-voltage, development of 
active cathodes has been pursued and has contributed to a reduction in the decomposition 
voltage. 

[P- 2] 
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Furthermore, as a means for reduction of the electrical resistance of the film, change in the 
composition of the ion-exchange membrane, and selection of the mesh, cloth, etc. for 
reinforcement is done in an effort to reduce the electrical resistance of the film. Furthermore, a 
reduction in the thickness of the film is one effective method, but limitation is placed on 
correlation with the amount of salt included in the caustic soda produced, and it is necessary to 
take the mechanical strength of the film into consideration. 

Furthermore, non-uniformity in the film cross-section of the film structure of the 
extrusion molded ion-exchange membrane is made known, and the present inventors found that 
to their surprise, an ion-exchange membrane with a low electrical resistance for electrolysis can 
be produced when the surface layer of the perfluorocarbon type ion-exchange membrane 
produced by extrusion molding method is removed. In the past, it is known that a sharp 
reduction in the electrical resistance can be achieved when mixing of a fine powder of 
hydrocarbon type ion-exchange resin and an inert polymer is carried out and a heterogeneous ion- 
exchange membrane is formed and when the surface layer is removed with sand paper, etc. and 
the fine particles of the ion-exchange resin are exposed since the surface layer of the film is 
covered with an inert polymer, and the electrical resistance is high. Furthermore, presence of a 
high-density thin layer referred to as a skin layer on the film surface is known in reverse osmosis 
films. In general, in a polymer film, in particular, in an extrusion molded film, structural 
differences exists inside the film and on the surface layer. However, the effect on the above- 
mentioned electrical resistance and other electrochemical properties in the surface layer of the 
homogeneous ion-exchange membrane has not been studied. A test was done on the premise of 
the presence of non-uniformities in the extruded molded film structure in an ion-exchange 
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membrane and that these had an effect on the electrical resistance of the film, and the present 
invention was accomplished. 

The heterogeneous cation exchange membrane discussed in the present invention is 
different from a cation exchange membrane structure consisting of an inert thermoplastic 
polymer material for retention of an insoluble cationic exchange resin known as a conventional 
heterogeneous film. An inert polymer having a cation exchange group suitable for extrusion 
molding for reinforcement of the perfluorocarbon type polymer, for example, fibrillated 
polytetrafluoroethylene, is included, the material belongs to the homogeneous cation exchange 
membrane of the present invention. In other words, a homogeneous ion-exchange membrane 
includes non-uniformity in the distribution of the ion-exchange group from the standpoint of 
micro-structure, but all perfluorocarbon-type polymer compounds having an ion-exchange group 
or easily introduced with an ion-exchange group can be formed into an after film and can be used 
as a cation exchange membrane after an ion-exchange group induction process is included. 

As a perfluorocarbon type cation exchange membrane produced by the extrusion molding 
method of the present invention, a perfluorosulfonic acid type membrane produced by an 
hydrolysis reaction for a perfluorocarbon type ion-exchange membrane cation exchange 
membrane produced by extrusion molding of tetrafluoroethylene and perfluoro(3,6-dioxa-4- 
methyl-7-octene sulfonyl fluoride), etc. can be mentioned. In general, it is not especially limited 
as long as the perfluorocarbon type cation exchange membrane shown in the following general 
formula is used. For the cation exchange group, a sulfonic acid group, carboxylic acid group, 
phosphoric acid group, phosphorous acid group, tertiary alcohol group, sulfonic acid amide, etc. 
can be used. And examples are shown below. Cation exchange groups such as 
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CF 2 =CFO(CF 2 )N-A 

CF2=CFOCF 2 -(-OCFXOCF2n-H-CFX-)m-(-CF 2 OCFX)/-A 
CF2=CFCF20-(-CFXn-)-(-CFX-)m-(0)/-(-CFX) p -A 

(Wherein, X, X 1 and X" are -F, -CF3 and -C2F5. n, m, / and p are either 0 or integers of up 
to 12, and A is 

^0 M, — 0 O 0 H, — 0 O X, — 0 0 O If, — 0 0 OR, 
-C-OH, -30,1^, -80^, 

x'ojfc 

— 80,11, — S0 2 M , -SOjH , — S 0 2 X # — SOjR, 

-SO,R, rSH , -P(OH) 2 -P(OH) a , - J P(OK^, 

O 

OH, —OR, 

etc. In this case, X and X' are halogens, 

[p-3] 

M is an alkali metal, alkaline earth metal, Ri is an alkyl group with Ci~Ci2, R2 is an alkyl group 
with Ci~Ci2 or hydrogen atom, etc.) or copolymers produced by copolymerization of a vinyl 
monomer having a functional group that can be easily converted to a cation exchange group and 



fluorolefins, for example, 
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0 V 




2 • 



Of, 




0 I, 7 Jo F 9 0F 2 -O?O/ , OF 





(Refining is a saturated perfuloroalkyl group) 

CF2=CF-CF=CF 2 , CF 2 =CFO(CFX) n -OCF=CF2 
(X is F-CF 2 ) 

etc. and formed into a film, can be mentioned. The above-mentioned films are cation exchange 
membranes capable of producing an alkali metal hydroxide at a high concentration at a high 
current efficiency upon introduction of an ion exchange group after the film formation, as 
needed, and in some cases, it is necessary to form a two-layer film where a dissimilar cation 
exchange group or dissimilar layers having a different density of exchange groups for further 
increase in the current efficiency. 

Especially, in order to maintain high current efficiency and to maintain a lower electrical 
resistance of the film, for example, a film having sulfonic acid groups on the anodic side and 
carboxylic acid groups on the cathodic side can be mentioned. Furthermore, a film where the 
exchange capacity on the film surface on the anodic side is increased and the cathodic side is 
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decreased, and an ion-exchange membrane where a sulfonic acid group is used for the anode side 
and a thin layer bonded with a phosphoric acid group, tertiary alcohol group, and a sulfonic acid 
amide having a detachable hydrogen atom for the cathode side, etc. can be mentioned. 

In addition, a method where the current efficiency of the cation-exchange membrane used 
for hydrolysis is increased through a chemically treated cation-exchange membrane, for example, 
a hydrolysis conversion reaction of the sulfonic acid group, conversion of the sulfonic acid group 
to a carboxylic acid group, conversion of the carboxylic acid group to a sulfonic acid group, an 
induction reaction of the sulfonic acid amide, etc., is known as well. In the present invention, the 
type of the film used not especially limited as long as a perfluorocarbon type ion-exchange 
membrane where extrusion molding is used at some time during the course of production, and a 
laminated film or a film having a cloth backing can be used effectively. 

Extrusion molding of a film is achieved by melting a perfluorocarbon type polymer 
compound (molecular weight of at least 10000) containing an acid halide group, acid anhydride 
group, acid ester group, etc. used as the precursor of the cation-exchange membrane using an 
inflation molding method or T-die molding method. In general, the thickness of the film used for 
the ion-exchange membrane is in the range of 10 microns to 800 microns and in the range of 20 
microns to 250 microns is further desirable. 

Furthermore, as a method used for removal of at least 1 micron from one side of the 
surface layer of the above-mentioned homogeneous ion-exchange membrane, any known 
industrial method can be used in this case, as well. In other words, removal based on chemical 
reaction or physical method can be used in this case. In general, perfluorocarbon type 
compounds have high chemical resistance are stable and physical removal is easy, and for 



KOKAI PATENT APPLICATION NO. SHO 58-93728 
chemical removal, sodium, naphthalene, n-butyl lithium, alkali metals, alkali metal amalgams, 

etc. can be used and defluorination can be easily achieved. Furthermore, it is known that 

rupturing and decomposition of the ether bond can be easily achieved for perfluoro compounds 

having an ether bond with aluminum chloride or aluminum bromide. Therefore, a surface 

treatment is carried out for the surface layer of a cation-exchange membrane or precursor thereof 

with an organic or inorganic reagent capable of decomposing the above-mentioned 

perfluorocarbon type polymer compound and removal of at least 1 micron of the surface layer is 

carried out. In other words, a method wherein a defluorination reaction is carried out and 

oxidation decomposition is performed, a method wherein rupturing of the polymer principle 

chain or side chain of the surface layer of the perfluorocarbon type polymer is carried out and 

elution and decomposition is performed in a concentrated caustic alkali, a method wherein 

decomposition of the surface layer of the perfluorocarbon type polymer compound is carried out 

for a cation-exchange membrane or precursor thereof by means of a chemical reaction, etc. can 

be used without any problem. 

[p. 4] 

As for physical methods, a method where the surface of the above-mentioned 
perfluorocarbon type ion-exchange membrane is sliced off with a sharp blade, where, for 
example, a sharp blade is fastened at a specific distance from a rotating roll while the film is 
placed on the rotating roll and removal the surface layer of the said polymer film to a specific 
thickness can be mentioned as a suitable method for continuous removal of a constant thickness. 
Furthermore, in the case of a relatively small area, a sand blasting method, polishing with sand 
paper, etc. can be mentioned. In addition, sputtering method, flame method, etc. can be used 
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effectively, as well. Upon removal of the surface layer of the film using a physical or chemical 
means, the thickness of the area removed is at least 1 micron. The thickness and density of the 
surface of the film varies significantly depending on the production condition and composition of 
the perfluorocarbon type polymer membrane material, and composition of the polymer material, 
etc., and in some cases, removal of 100 angstroms is adequate, but in general, removal of at least 
1 micron is required, and more than 1 micron can be removed without any problem. The 
thickness of removal is selected according to the thickness of the cation-exchange membrane. 
For example, in the case of a cation-exchange membrane having a thickness of 150 microns, the 
effect on the film thickness is low when removal to 10 microns is carried out, and an increase in 
the salt content in the caustic soda generated is insignificant but when 50 microns is removed 
from a film thickness of 100 microns, an increase in the salt content in the caustic soda generated 
cannot be ignored. Therefore, the thickness of removal of the surface layer varies depending on 
the application, and a significant reduction in the electrical resistance can be observed when at 
least 1 micron of the surface layer is removed. Furthermore, removal of 1/3 of the total film 
thickness leads to a reduction in the film strength and increase in the salt content. 

It is not known the reason why removal of the surface layer of the cation-exchange 
membrane results in a reduction in the electrical resistance of the film, but it is hypothesized that, 
as in the case of the high-density membrane referred to as a skin layer that exists on the film 
surface member of reverse osmosis films, a difference in the polymer structure based on the 
affinity between the slit material and the polymer or a difference in the orientability of the 
polymer in the area that comes in contact with slit material is produced on the surface of the 
perfluorocarbon type ion-exchange membrane at the time of extrusion molding, and a difference 
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in the surface layer member of the film versus the interior of the film is generated. And it is 

further hypothesized that a difference in crystallinity of the polymer results due to differences in 

the cooling at the surface layer versus the inside polymer layer when the polymer is extruded 

from the slit as a film. In either case, according to the tests conducted, the area mainly subjected 

to the above-mentioned influence is the region up to 1 micron below the surface of the film. It 

seems that the above-mentioned film surface layer member forms a kind of barrier when ions 

enter the film or are released into the solution from inside the film. Therefore, upon removal of 

the above-mentioned barrier layer, the electrical resistance of the film can be reduced 

significantly. Furthermore, it is desirable when removal is carried out for both surfaces of the 

cation-exchange membrane, rather than one surface. When one surface alone is removed, a 

higher effect can be achieved when the side where the ion enters the film is removed. 

Furthermore, upon removal of the film surface layer member, 1) a method where a 

precursor without the cation exchange group is not introduced is removed and a cation exchange 

group is introduced, 2) a method where a cation exchange group is introduced and subsequently 

removed, 3) a method where removal is done before treatments such as with a weak acid cation 

exchange group is done in order to increase current efficiency, 4) a method where removal is 

done after treatments such as with a weak acid cation exchange group in order to increase current 

efficiency, etc. can be mentioned, and among those listed above, methods 2) and 3) are especially 

desirable. In particular, in an electrolysis reaction of an alkali metal salt, in order to maintain 

high current efficiency at the time of formation of caustic soda, a membrane of a cation exchange 

group of a weak acid is formed in many cases and a thickness of the above-mentioned film with 

several microns is adequate. 
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A layer produced by performing an oxidation reaction, reduction reaction, or bonding a 
thin film having a weak acid cation exchange group with a strong acid cation-exchange 
membrane is destroyed in some cases. Thus, in the case when the thin layer of the above- 
mentioned weak acid cation exchange group is formed using a chemical reaction, removal of the 
surface layer of the film should be carried out before the above-mentioned chemical reaction. 

[p. 5] 

In the following, the content of the present invention is explained further in specific terms 
with application examples, but the present invention is not limited in any way to these 
application examples. 

Application Example 1 

An hydrolysis reaction was carried out for a copolymer sheet made of tetrafluoroethylene 
and perfluoro(3,6-dioxa-4-methyl-7-octene sulfonyl fluoride) and extruded from a T-die so as to 
produce film with an exchange capacity of 0.91 milliequivalents per gram of dry film (H type) 
and a thickness of 178 microns (referred to as film A). A sharp blade was applied to both film 
surfaces of the above-mentioned film and removal of the surface film to a depth of 5 microns 
from each side was carried out. The thickness of the film was 168 microns when measured by a 
micrometer (referred to as film B). Furthermore, removal was carried out for approximately 10 
microns of one surface of film A alone, in the same manner (referred to as film C). Furthermore, 
according to the method described in the specification of Japanese Kokai [Unexamined] Patent 
Application No. Sho 53-58493 [1978], sulfonyl chlorination was carried out for the sulfonic acid 
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in a phosphor pentachloride and conversion of the sulfonyl chloride into a carboxylic acid group 

based on aerial oxidation in an alcohol was carried out for film A; then, an hydrolysis reaction 
was carried out for the residual sulfonyl chloride to form a sodium sulfonate, and formed into a 
double-structured ion-exchange membrane where a carboxyl group is included as the ion 
exchange group in the surface layer and a sulfonic acid group is included as the ion-exchange 
group in the inner layer was produced (referred to as film D). 

Furthermore, the above-mentioned treatment was carried out for the aforementioned film 
B and production of an ion-exchange membrane was carried out (referred-to as film E). 

And furthermore, the above-mentioned treatment was carried out for the aforementioned 
film C and production of an ion-exchange membrane was carried out (referred to as film F). 
Furthermore, the above-mentioned treatment was carried out for the smooth surface of film C so 
as to produce film G. 

Using the above-mentioned films produced, an electrolysis was carried out for a salt 
solution. In other words, an electrolytic bath with an effective energizing area of 1 dm , and 
having a ruthenium oxide coating on titanium of anode and soft iron of cathode, at a current 
density of 30 A/dm 2 , at a temperature of 80°C, salt concentration in the anodic chamber of 3.5N 
and 9N of caustic soda of 9N was retrieved from the anodic chamber. In each film, the current 
efficiency was approximately 95%, and the amount of salt in the caustic soda was approximately 
60 ppm (in terms of 50% in terms of caustic soda). The electrical resistance and electrolytic 
voltage of the films are shown in Table I. 
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Table I 





Electrical 
resistance 
(ohm-cm 2 ) 


Film thickness 
(microns) 


Specific 
resistivity (ohm- 
cm) 


Electrolytic 
voltage (V) 


Sulfonic acid type film 










Before removal (film A) 


0.56 


178 


31.5 




Removal of 5 microns from 
each surfaces (film B) 


0.42 


168 


25.0 


... 


Removal of 10 microns from 
one surface (film C) 


0.49 


168 


29.2 


mm 


Carboxylic acid layer formation film 










Carboxylation of film A (film 
D) 


1.04 


178 


59 


3.28 


Carboxylation of film B (film 
E) 


0.85 


168 


51 


3.03 


Carboxylation of the sliced 
surface of film C (film F) 


0.92 


168 


55 


3.20 


Carboxylation of non-sliced 
surface of film C (film G) 


0.88 


168 


52 


3.13 



Application Example 2 



An extrusion molding was performed for a copolymer of tetrafluoroethylene and 
CF2=CF-0-(CF 2 )3-COOCH3 to form a film with a thickness of 170 microns. 

The exchange capacity of the film was 1.45 milliequivalents/ gram of dry film. The film 
was then immersed in a mixed solution of 10% water-methanol (1 : 1) for 1 6 hours at 50°C so as 
to produce a cation-exchange membrane having a carboxylic acid group. For the film produced, 
approximately 5 microns was removed from each side for the anodic side and the cathodic side 
by [rubbing with] sand paper (product of Nagatsuka Co., Ltd., AA400), and production of three 
different types of film was carried out. Measurement of the thickness of the film was done with a 
micrometer. For the films produced above, examination of the electrochemical properties was 
carried out and electrolysis was performed. The results obtained are shown in the Table II below. 

In this case, 35% caustic soda was retrieved from the cathodic chamber steadily, and the 
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rests are the same as in the case of application example 1. 



Table II 





Electrical resistance 
(ohm-cm 2 ) 


Film thickness 
(microns) 


Specific resistivity 
(ohm-cm) 


Electrolytic 
voltage (V) 


Film before the surface 
removal treatment 


1.52 


170 


89.4 


3.32 


Film after the surface 
removal treatment (both 
surfaces) 


1.29 


160 


80.6 


2.95 


(Anodic side) 


1.32 


160 




3.05 


(Cathodic side) 


1.40 


160 




3.25 



[p. 6] 

Application Example 3 



Copolymerization reaction was performed for tetrafluoroethylene and CF2=CFC-(CF2)4- 
SO2F with an azobisisobutylonitrile as a catalyst and production of a polymer was performed. 
Subsequently, extrusion molding was performed to produce a film with a thickness of 150 
microns. The film was then dipped in a hydrolytic bath of dimethyl sulfoxide, water and 
potassium hydroxide (600:400:15) and the sulfonyl fluoride group was converted to a sulfonic 
acid group. The above-mentioned conversion capacity was 1.01 milliequivalents/gram of dry 
film (H type). A steam of phosphorus pentachloride was brought into contact with one surface of 
the aforementioned cation-exchange membrane and the sulfonic acid group was converted to a 
sulfonyl chloride group, and aerial oxidation was carried out in n-butyl alcohol, then the film was 
dipped in the above-mentioned hydrolytic bath for a second time so as to produce a film having a 
carboxylic acid of approximately 10 microns on one surface. 

The surface layer at the anodic side and cathodic side of the above-mentioned film 
produced was polished by sand paper (product of Sankyo Rika Co., Ltd., CC600CW) and 
approximately 5 microns of the surface layer was removed. Properties of the above-mentioned 
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films and electrolysis performance are shown in Table HI. In this case, 35% caustic soda was 
steadily retrieved from the cathodic chamber. 



Table II 





Electrical 
resistance 
(ohm-cm 2 ) 


Film thickness 
(microns) 


Specific 
resistivity 
(ohm-cm) 


Electrolytic 
voltage (V) 


Current 
efficiency (%) 


Film before surface 
removal treatment 


1.1 


150 


73 


3.30 


96 


Film after removal of 
the anodic side 


0.90 


140 


64 


3.15 


96 


Film after removal of 
the cathodic side 


0.95 


140 


68 


3.21 


92 


Film after both surface 
removal treatment 


0.85 


140 


61 


3.00 


95 



Application Example 4 

20 microns of one surface of a sheet (before hydrolysis reaction treatment) made of a 
copolymer of tetrafluoroethylene and perfluoro(3,6-dioxa-4-methyl-7-octene sulfonyl fluoride) 
used in application example 1 as explained above. Subsequently, the sheet was dipped in 
methanol containing 10% NaOH for 10 hours at room temperature and a hydrolysis reaction was 
carried out for the sulfonyl fluoride group in the sheet and it was converted to sodium sulfonate. 
The sheet was then immersed in IN hydrochloric acid for 15 hours to convert into an H acid 
type. Subsequently, a water wash was carried out and vacuum drying was further carried out to 
produce an acid type sheet. 

Furthermore, in order to convert the sulfonic acid group into a carboxylic acid group, the 
acid type sheet was arranged inside the wall of the cylindrical glass reactor (inner diameter of 10 
cm) with the sliced surface facing outward, and a disinfectant lamp made by Toshiba Corp. (GL- 
15) was placed at the center area of the reactor so as to form equal distances from the surface of 
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the sheet. The aforementioned reactor was immersed in an oil bath and heating was done to 
150°C. Thorough purging of the reactor was done with nitrogen, and exhausting was done with a 
vacuum pump. Subsequently, 1 kg/cm 2 of nitrogen monoxide was fed from a bomb, the reactor 
was sealed, the disinfectant lamp was turned on, and radiation was carried out for 30 minutes. 
Subsequently, the lamp was turned off and nitrogen was introduced to the reactor, and purging of 
the nitrogen monoxide was carried out. 

For comparison, the same treatment was carried out for a sheet from which one surface 
was not removed. When measurement was carried out for the infrared spectral (A.T.R method) 
for the sheet after the treatment, absorption of the carboxylic acid group was observed at 1780 
cm* 1 in the area where the light was applied, and an absorption band of the sulfonic acid group at 
1060 cm" 1 was hardly observed. On the other hand, absorption at 1780 cm" 1 was not recognized 
on the opposite side in each case and intense absorption at 1060 cm" 1 was recognized. 

In order to use the above-mentioned sheets for electrolysis of cation-exchange membrane, 
the sheet after the treatment was dipped in methanol containing 10% NaOH at room temperature 
for 2 hours. After dipping, a water wash was carried out and electrolysis was performed for the 
salt water according to the method described in Application Example 1. The results obtained are 
shown in Table IV. In this case, upon arranging the sheet in the hydrolytic bath, the surface 
containing the carboxylic acid groups (irradiated surface) was placed toward the cathodic side. 



Table IV 





Electrolytic voltage (V) 


Current efficiency 


Film with removed surface 


3.18 


95 


Film without removed surface 


3.25 


95 
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Cation exchange membrane with ion electric resistance - obtd. by removing 
surface layer from homogeneous per-fluorocarbon cation exchange membrane 
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Abstract (Basic): JP 58093728 A 

Cation exchange membrane is formed by removing at least 1 micron 
thick surface layer from a homogeneous perfluorocarbon type cation 
exchange membrane (I) produced by extrusion-moulding. The membrane 
shows reduced electric resistance. 

Pref. (I) is e.g. perfluorosulphonic acid type membrane obtd. by 
hydrolysing perfluorocarbon type cation exchange membrane obtd. by 
extrusion-moulding copolymer of TFE and perfluoro(3,6-dioxa-4-methyl 
7-octenesulphonylfluoride). (I) is 10-800, (50-250) microns thick. At 
least 1 micron thick surface layer is removed from (I) using 
(in)organic reagents decomposing perfluorocarbon type high molecular 
cpds., e.g. sodium, naphthalene aluminium chloride, aluminium bromide, 
or by cutting the surface of (I) using a sharp knife. The membrane is 
conveyed on the rotary roll and the surface of the membrane is cut away 
with the knife. 
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